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Abstract { The 3D display using light diusion within 3-dimensionally positioned mi-
cro voids processed in a crystal glass cuboid is able to present 3D objects which can be
observed by naked eye. In order to successfully present 3D objects, the projection must
be adjusted precisely for each individual micro void by investigating the correspondence
between each projector pixel and micro voids. In this research, hence, calibration meth-
ods which can perform such adjustment automatically were developed, namely; Pixel-
Scan Method, Line-Scan Method and Structured-Light Method. Line-Scan Method and
Structured-Light Method were developed in aim of shortening the processing time of the
calibration. Subjective experiment was conducted in order to evaluate the calibration
methods. The results show that Structured-Light Method is faster in processing time
but degraded in quality for the presented images. However, despite Line-Scan Method
being faster than Pixel-Scan Method, the degradation of the presented images was minor.
































































































を表 1に示す。コンピュータのOSはWindows 7 Pro-

































Top View Front View
図 2 キャリブレーション用マーカの配置























Fig. 3 Pose of the Projector and Image Coor-
dination (left) and Experimental Dis-
play Device (right).
表 1 レーザプロジェクタの仕様
Table 1 Specication of Laser Projector.
Product Name PicoPro
Resolution 1920720 [pixel]
Brightness 32 [ANSI Lumens]
Refresh Rate 60 [Hz]



































































を推定する。本研究では、Graphics and Media Lab
が公開しているカメラキャリブレーション用のソフト



























































































(b) Image without projection (c) Differential Image
(f) Scanning Area








(d) After Median Filter
図 6 発光点の検出































































































































































図 9 Structured-Light法でのキャリブレーション用仮想画像の生成（横 1280ピク
セルのプロジェクタを使用した場合）
Fig. 9 Virtual Image Generation for Structured-Light Method Calibration




































の Pixel-Scan 法との一致率が Line-Scan 法に比べ低
表 2 キャリブレーションに使用したカメラの仕様
Table 2 Specication of Camera Used in Cal-
ibration.
Model Number MQ013CG-E2
Pixel Size 5.35.3 [m]
Sensor Size 1/1.8”(Diagonal 8.7 [mm])
Resolution 12801024 [pixel]




























落とし暗室（＜ 0.1 [Lux]）とした。図 10に参加者と
ディスプレイ装置との位置関係を示す。プロジェクタ
表 3 キャリブレーションの所要時間と結果の一致率
Table 3 Required Time and Concordance Rate of Calibration Methods.
Pixel-Scan Method Line-Scan Method Structured-Light Method
Calibration Time 10.2[h] 392[sec] 236[sec]






























































Fig. 11 Protocol of the experiment
Hemisphere Sphere Cube Cuboid Cylinder



































図 12 デモで表示した 10種類の立体物とその表
示順
Fig. 12 3D contents for demonstration and

















Fig. 13 Dierences of Displayed Images Due
to the Calibration Method (width:
50[mm]).
図 14 形状認識実験の正解率

















































本研究は JSPS科研費 JP 26540044の助成を受け
たものです。
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